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Abstract; How environmental factors affect microwave radiation observation was analyzed.
Based on the analysis, outdoor experiments were carried out with rock test machine, microwave
radiometer, acoustic emission instrument, temperature tester and other equipment to observe
microwave radiation characteristics of elastically deformed rock with cyclic loading under cold sky
background. Results indicate that the microwave radiation energy changes generated from
deformed rock can be detected reliably under cold sky background. In the elastically deformed
granite, the microwave radiation energy changes and stress present the positive correlation, with
the correlation coefficient of 0.94. The temperature change of the rock surface is positively
correlated with the stress too, but the temperature change lags behind the stress change, and the
microwave brightness temperature increment is much larger than the surface temperature rise per
unit stress. It is verified that the changes in the internal stress state of rock can be detected by
microwave observation.

Key words: remote sensing rock mechanics; microwave brightness temperature; cold sky
background; rock disaster; stress change; remote sensing monitoring

U T A A B B iR R AR BRI, A A
SRAEWENERERE, S S IR R A MR
JRICE . PG, X S AR A 7 7R 2 A M
B R e A0 R — R Al AT B AR R SR E
PRI 3] 64 5 47 52 0 b 2 e P Bl e A A9 2 A e

KF B 2019 -07 - 19
E&WH.: ExEAKRRFREETEINH (41930108,41871310) .

EER AT HREBEI(1967 ) 3 BRI RUR  ARIE Db, 1t

FEAGR , A b e S I P T A 4 7 22 Akt
AR SRR St X B A 7 S 5 IR A T XA
[RIZE R ) e A AT N, e B A A e
SF SR I 7 18 T 5 5 24 A I AR R 2%
Tofv s A7 A T A S e i A B AN ) R 2 ) S T

XUFEZE(1965 - ), 55, WALHEREN AR RS20 A il R

(1966 - ) B IIPEEAFRN, PRERFEER, WA SR, 281970 - ), 5 IR E N AR RS20z, it .



% 8 M

R E ., REAFFT SN 8GR 54 LA 5 1181

e, FTRRAY A 2R 1 0 o 33 722 AR T JE. Maki
IR YA AL A R A R R
T 45 2 2 as 7 v %) B s S 7 A A T R | 5
REH A A A 7E 300 MHz F1 2 GHz il Bt
T UL 3 L R A S K o A5 5 7 22 GHz BB A
A S N B A R A S AR R R EN AR AR S
B % INXT 2 1 A 5 AR 54T 37. 5 GHz Al
By W 285 5 7 | A6 B e ) R0 S ek B
TIRIRIIR I B s o B Lo B BT
K, LA S 22417 AR AT

R A5 52 3 A0 AR e M ) ST 5 235 S Joir A 57 1Y)
FF Aqua LA AMSR - E fU 12 J8%as i 3t 7
WIRGE, 550 R 2R DG I 1l J5T ¢ 3 ) A il
ft A s SR FIZ R G009 18. 7 GHz 1)
WK, Tadashi 28 % 2004 4F 2 H 24 H FE & &
6.3 HHFE" X 2008 4F5 A 12 HBUJIHED! 1
T RS HEA T 0 A, 45 SR e R BRI FF MR T 2 K
DL MR Fe 1 RAE R b R B B T e 4
SRR A S LA, R R X AMSR - E &5
w1 18.7 GHz Ui B4l #4740, & BLAE 2010
FEEMHERAET 2 KBRS R, E X
55 152 FE WA oA A B Y &S TR AE G M. Ma
VIR WA 22 47 B X AMSR - E £ KRR )
18. 7 GHz W R AT AL B B, e BT Ml
HIJE , TERZ T N e 1) L W 284 Y80 A 78 0 4 i
W . Tadashi 5™ 38 2 iy JEARY 18 856 W 1000 52 56 AF 9
KB, Ol B EAE PR 1 5 300 MHz 1Y
AR5 = A2 Ak

R T LR8I - 5 1 5 S 5 34 7
SCEE N AT, LI S AR e R E S
A FELRE AR SRR DRIk, S LI B H A7 AR
SEMAAEER  ELXE LA KT S 56 37 IR0 T80 I8 8 S - i
AT ARURIX 53 FIEFE 1L U8 S0 45 RAHA e PR,
BRSNS A5 R 0 IE A A AT S AR, T L,
SEI AR 5 S PR IR B ALY Rl XA
TR A R S TR AR A 5 18 7 =2 ] A A S dle
ZERITHT. BT UL AR )R 78 S A R A
RS 28 R 5 ) P B A R A AR SCHE = AN T
J'& T 32 T3 A (R T B A AR AL S e R AR RS A
1) SR AR I B B R FHATE 20 i 2 1 7 =X, 91 X916 26
hnzk it # A B F A9 R 52 IR ( microwave
brightness temperature , MBT ) AR R T W 2
W J5 A8 £ 0% 42 7R ( denoising microwave brightness
temperature , DMBT ) 5 )i Jj i#E 47 AH 2% 73 #r , A
5% DMBT 224k 55 1 7 2Z [8] B9 AR G . [R] B, X2
A A 2R T R B SO A8 R ) 7S R B A I

FHRAXF LB 4 R A T R B 734

1 SR IRBERT 52 J1 A A O A B 1Y
s AL

SLHG A PR T AR ST RN 2 SR B 2k S
B B PRI R A, 25 SR 25 R O A ok IR .
Hh, PR AR SR A R i A [T A W R K i (91 n
HBTAD R AEAR R T HL R 2 T ) S S B G R
TR 53 5 LA, S e ol FH A9 SRR s 7 B S N
GRS SRR 14 A0 R 3 S SR IR % 45 T
SRR A E L.

TEAATMBSE R, i TR St 5 a4
P R AT, RO B R R AT i S 44 ] 22
AT, #SE A MBT 154300

T, =eT,,; + (1 —&)e,,T,,. (1)
A T, AH S A B) MBT; & A Al F Ik
PR T A A YRR ; o, W IR ) B K
SPRG T IR Y PR BE . eT N a A A
LY AR SRR OB R S BTHK, (1 - &) 6, T
She A0 R P S A e A 8 B X R S
BTHK.

HEAZIE AR EEE A A
T 1) RS 238 e PR B 1) ) 3R 3 9 4 R A A A 7
AN — 2] A A PF R MBT

T, =(e+Ae) (T, +AT,,;) +
e.(1-e-Ae) (T, +AT,,) .
(2)
A AT a2 R R E AR As
AR R S R AR AT, O PR BT I B 97
o

P (1) R0 (2) algnn, a2 s,
H MBT Z2 {1 K

T, -T,=(e+Ae)(T

obj

e-Ae) (T, +AT,,) —&T,; - (1 —&) &, T, =

+AT, ) +e&,,(1 -

obj sur

sur sur

aATobj + ASTobj + Az;“ATubj +e,AT,, —&,eAT,, —
e AeT,, -, AcAT,, . (3)
PUR B P AP SE B0 PRI 34T 70 AT
1) GRS ICEG A % N IR T 2EAT , IO 46
IR RE 5 PR A5 U B AR [, B RS T =300 K
P T 2R e R T O T 5 e MR R PR B iR JEE A
KA B AT, =0, U4
T, - T, = eAT,,;, + AeT,; + AeAT,, -
e AeT,, = (e +Ae) AT, +Ae(T,,; - &,

(4)
HIT (& +As) <1, MEHAGREH R LIRS A



1182 AKX FFR(ARFFIR)

%41 %

Nz I R AT A WL 25 5 | A A e SR i R A B
RO DR AR BE S AL TE 0.2 K 240, BANEA T
RGTHR—RAE 0.9 o7, BN — IR EE -5k
RHIRWAE0.9 A7, A
T, - T,~0.2K + Ae x (300 K 0.9 x300 K) =
0.2K + Ae x30K . (5)

2) QAR IREE N RS T 5, 76 C W Bk a4
TFRLZ A S A UL B, K 2 3 B MBT %238
SKLEN T, << Ty BRSNS T RBR N K23
R BRI AR R R 300 K, fingkad
FErp IR SRR R AR A 0, A

T, -T,~0.2K +Ae x295K . (6)

H A, i 82 X2 A 52 7 R i R R
AR E I A A & SR R H A
WH e FTHAEMEL, e ST PR FKE,
HOGERRA X,

SPEARTE B B A 0 & S R Ak E i
FRAs AR AT S, s, P B SR AR R (H
AL [R] 0 72 22 I R 7 B IR, U K/NVRTE AR
R W FE AR IR A A (TR
HRD A L KO R A ) H S A Ay
Ji — MR FLBR A BT (A g s R s — A b ali
AT 32 R FLBR RN, 5 A %% A
X3, AR Ulaby 2510 BF 5% BUAL , BUE 2 A Y
I E R & SR kN

e=(g)"". (7)
K e, NFEFE A EARSFLBRET A B B
Hip, HAATILBRN R EE  p, A A RTIL
BREFR R, (7)) B, M E RS S A B
FHSE 5 A0 B A FRL B B0 R 7 388 i 3 . 24 5
FLBR A AEFLBR R 2 ) , A FL R EO K (A A
1 SR IG K, R 2080 1N, AT MBT 3/ )M

WS BB LB A D (i HLAT & T 4544 1)
FAT) 52 TSl AR AR B .
Xof B B A RHEEAS ] R 0 A B B30 a2 R
W, R D038 5 | A v 5 5080 s, 35 TR 5 R Pk
KFR; IFRRER IR K JE Pl fe &3 5 1 1) 22
FEB TR, 2 B T I B8 32 BB, vl #lfb
REARR, A F 5 50080 .

TE i A P FL B A /D | 78 SR AR T B Bt B 7
AR Op: IS N Y TN o WA NI i DIVAL D)
RSP, N5 MBT EFF. Xf s (5) #l
(6) WA, s A KSR Ae BTG 1)
MBT 284k, = (6) B9 MBT ZE L {H % KT
K (5) By MBT 221 (A.

RIS S M T, A R A e 1 S R X

A ARG R B R AR A, LI {EL P B EOR
TENH IR T AU, B R 2515 5 TR
WA AT 52 1 AR I 51 B0 AR e A 52 B 8 R o
e, BT RN B S A 7 RS B AR 4 5

k.
2 SEEETT

2.1 SLEE

1) bR EAL A a2 B A 1
HIL AR R 42 1 2y i 9 X 1) i 28 b X A i 58 AL
(YAWS000 %) 3R 55 H1E AR S50 O] e Kk
B335 5 MN IR SR B0 B/ TR T £ 1%
QZE T M oK B2/ T al % TR {E Y £ 0.5% ;
@AM 43 3% 0. 001 mm ; @ 1 5 KAk
100 kN.

2) TR T C I B A S, AR A
6.6 GHz, R RE R 0.1 K, EARFEE 0.5 ~
1.5 K. SCI0 AR5 A B RAE SR Ry 1 it/ s,

3) R RS XGEE PCL -2 75 &S, 5
#iF N 1 kHz ~3 MHz.

4) IR TWC - 2A 4AH FH 2 R
PRRA, MR RE £0.3% rdg + 1 °C | i JE > P
0.01 C,M=#EHE 0 ~ 100 C.

2.2 MM

i A SR BLT 2 0 A B AE B A R A
PR AL AT Y EE A A FIRA A0
MRS A, BIARAE 3 ~ 5 mm, SR S5,
Ah 46 cm x 25 cm x 15 cm B 714,

2.3 ZWHIE

SR BEAIE_b AR S 6 PREE N 2 7 A A W e S e
SEMMLIR AT, 32 38 A B4 BBt ORI 512 565 43 1)
FHNLE N IREE T AT A G K BH AR S Al it
PRI A AT 5 | 34 1) e 8 A Ak, A0 s
Ve PR EME IR UEA T, T C Il B St 4 S il
WIRL DA R (25 cm x 15 ecm) |, iP5 1E 5256 1o
R LA G B AR A R LR O, K T
FLAPER I CE, PR R 5 om, 75 68 5145
WY R S Aok B T A AR A e R R
P W R A A2 AT 2 RS,
AV T 28k 3 R R A 2 T R R R AR AL s e A, 7Rt
2 ity 0 Sl Bt 4 S W S L 22 A — /NI [R)
A VE NS, AR R 2 i B, T
TN AR R IR R AR AR L, LA S B R BT TR
JEE A A %o 1 1 3 v L 03 4 SR A R . SE G A
W £ FRE £ (R s A 8 3 SR — B0, IF W] B T 4 Fn 2



%8 M

BRI E, REAN T T ZNE LML R FIEZIER 1183

PRSI R A S (3R AR 43 R Sk
R N m R 1R, A8 Sk SR
et UG AR T T b Fe Sk xp il i 4%
HIMBFT ST — B ] A I, 155 45 PR iR A Aot
BRASHT

(@

———————————

g A R

FE TARJE IG5, Scaams, M AT ZL gL &
AP BEAT N, S R A 0t A A A R
JEIRASCIN e A7 1 4 Bl e e S P A S Ak
TR (AR, A0 AT I 3

E1 ZFHEAHNMEEHUNXLERETEESHAGERER
Fig. 1 Schematic diagram and field scene of experiment system for observing microwave radiation of loaded rock

(a)—EK; (b)—HGA.

SRS A 0 i S AR Ak 55 0 T 22 R O
WP, SR G I 28 09 5 X6 25 A 78 3P A2 By
B AT Imak 8 2B B I R R, DL
WE AR i 69 28 Ak 1 7 I . Sk B DR AV 24 fin 28
SETEA A S AR TS B N AT, e R
B R DB I N 2 9 W (i 28 Aoy . LA 3 oy« X6 ] — it
T FEAR IR A R RSH 2R 47 22 U 283
W, AR IR J) — I AR 2R R Pt e o B R i
AR SRR R . 22k SR 25 R R | iR Y
WEAH AR Z7E 2 000 ~2 600 kKN Z [A] 5 E 1M, # 04
{H 2807 19 60% A B i A7 1) 1 B B A 24 o
A WE(EZR T, oA 1200 kN,

P BT IR N 250 56 77 48 . DF IR10 kN/s
(AN AR 2 M 100 kN JINZEZ 1200 kN, XF L A9 1
J1IX[E] K 2. 67 ~32.0 MPa; @4E451 200 kN & (.
F Ay 30 s; QFAH AR EHI $]100 kN; D% Fik
Ty A TGN, AR SE R 7528 N B == Ak
BTl 3 Hus il b A T RS2, IF Xt
AN T 40 KN (2 %

3 LA S

3.1 EIIXWLHER

AR TR IR, th TR )RR
RO A A IR SR T B4 R Al AN SR
(9, S b1 AL AT — 5 S S #R T REANTR] , U
TRAT AP B 1 7 A REACR AR N AR AT — R A
B ABARFEREE — A A S0 (e, SO e —

VIE T
30101 flimikeh

R TSR J RS AN R 24 2807 =X
T S5 0 0 B S | K e A R B 2 o
Fie i S AR ol BT 1— R R 1— LT 2—
IR 2 DUASBYBE R = ANEIR BIEER 1 6 3R 2 K
PEER 3, LI 2 s, [ 3 G 3 g 7 it
C U Bt MBT W25 5. nf 0L, 4% MBT M7 %
BNEEK A AR 1 Ty A8 —3, H 2300
AT 119 0 B A5 Ak A5 34 A /NI 0 BT % MBT
HEFT 20 b P S 15 51 DMBT, 301 5 5 74k
— ST AR AL, WLIE 3 A AR R At
J5i 1) DMBT 4333l 7 U AN By B K =AM SR 1A 1] 5
I 1 $EAT A E 43 A, DMBT 55 87 7 (9 4H 56 2880,
DMBT ZE{bi (B | 540 17 g fcin 25 b i (1 45 SR ¢
FHELE 1 2. g 1 Goit s T, Ze0 ) b
FEB Bt , DMBT Fifi i A7 49 386 Jonn i 38 4in 5 12 3 °F B
BB, DMBT Fifi )i J1 /9 T R ik /). DMBT B )i
TRl , 3 S P LR IR A G 2tk
HHE B 54 0. 99. DMBT 160 1 b FHH B
(AR AR R (B R T R B B 19 A8 AL I L. 7 o Bt
DMBT “E-H A bIR{E A 0. 52 K, B )3 F1 738 Ak e
{54 0.018 K/MPa. Hi % 2 i1 4dE ] W, DMBT
FEAEER AR b 5 0 I S R B L A OG, A G
ZE Y 35 0.97, DMBT F 3 25 4k iiF {8 K
0. 58 K, HL5r i J) 22 Ak IR R 0. 020 K/MPa. 21
Wit #2 v, DMBT 5 0 J7 B A ¢ R B R
0. 94.



1184 AKX FFR(ARFFIR)

ARSI EE R RN ) BT BE R RERY
B EEh it e, A DMBT B2 61 5 )
TR Bl BE IR

35

a

HM

0 100 200 300 400 500
R /s

2 ESMEIME MRS
Fig. 2 Phase division in process of cyclic loading

3.1.2  REEIALS

RAE T T A A NG R ) R AR TR EE
PRIASFM T 5 A 2kt 7 mpoal 2 o %) 4 B
JEAAL. RS e A 2 IR SEL IR
DR 2 Sk 2 2 25 1 %) U B A A (B, FH A S %
IRBE IR A A T 2 T I I 5 SR ) 5 )
SR I a2 T e ORI 315 T PN 1) 2 A TR RSk
AL R 2 R A A o LR AT S b B S 5
N ST XS R A P 4 M HG - 1 R e
Exi@{ﬁ):m/ﬁr“ DAZE S, v] UL, B 2 SR Az
AXES A B W (18 5% 1) 7 7 A % B, ek i Y
AR ﬂsi;i.\xe%zti i, B0 A2 R -5t
FE B B TR 5 0 T B R A G A A A
HEA. LM AAE RERE (ML) 2
N S — B AR R, P A R BN 0. 75. 8
PRI, A R R AR 5 T
F17EAk 332 PRR A PRGN S B A BB
LR PR TR (NN ) TR N T ) HAR
2 BRI MG T B AR B ph £ 1n) A2
V8 25 s, U B9 AHOC R EER TH R 0. 88. KM )5
AR AR AL IR A A 0. 025 °C 2247, X I Wﬁr”jj
32 MPa, 15 AT A AR AN 56 2514 T AL
PSRN 0. 000 8 T/MPa. i£ HG —2,HG -
3 RIS R S HG -1 BYHEAHH ]
3.1.3 A HIAEE R

R FNBTHE I 2 25 A0 0 N 5 7 W S4B
PR LIRS A A T AR TR B B, XHIE A AZ 77
A AR REEA TR 2 g, 5 Al HG - 1
(EEZIE=SuN S Rl ael 27 n p U N A S W o L

%41 %
35 270.0
(@)
1269.5
25
[
& 1269.0
g 20 =
R @
=l {268.5 =
10
1268.0
5 — HI R
---- BRI
0 ' ' ' : —267.5
35 273.5
30+ 1273.0
25 1272.5
[
(<] 4
S 20 272.0 é
g 15 ,‘ v -271.5§
10 1271.0
5 — i 1270.5
S By
0 1 1 1 in;imﬂ 1 270.0
35 273.5
©
30 (AL 1273.0
25
. | {272.5
& 20 “ M
_§ LT {2720 &
g 15 l [ >
it W 12715
10 K h‘
---- %@%ﬁ{ﬁ
—1270.5
0 100 200 300 400 500
SLE Y E)/s
3 ESMEIRMEF ISR MBT L gk
Fig. 3 Variation of MBT of sample in process
of cyclic loading
(a)—HG -1;(b)—HG -2; (¢)—HG -3.
g
=
X
i
e
i
=
!
®

0 100 200 300 400 500
SEG RIS

B4 HHHG -1 REBREEETN

Fig. 4 Surface temperature increment of sample HG-1



% 8 REBIE ., REATT T LALLM IIEF AR 1185
F1 AEmET 2 Mg B DMBT S A XM ITEEREiTER
Table 1 Calculated results of DMBT and stress correlation of samples during four phase loading
N - {1V /) DMBT
N DMBT = ES DMBT ZZ LR {E/K .
S SINPALIESY i AR IR A 1425 A
Hi
Frb1r FREL BJR2 0 FREE2 MME BEJR1 FRE1 O BJF2 0 FRE2 MfE K-MPa "'
HG-1 0.9 0.99 0.99 0.99 0.99 0.73 0.37 0.33 0.39 0.46 0.016
HG-2 0.9 0.99 0.99 0.99 0.99 0.50 0.48 0.56 0.50 0.51 0.017
HG-3 0.99 0.99 0.99 0.99 0.99 0.74 0.57 0. 61 0. 46 0. 60 0. 020
YA 0.99 0.99 0.99 0.99 0.99 0. 66 0. 47 0.50 0. 45 0.52 0.018
Fx2 XEMEIRMELEE DMBT 5 AHXEHEERGITR
Table 2 Calculated results of DMBT and stress correlation of samples during cyclic loading
vz - H7 /) DMBT
. DMBT 5 )iy # DMBT ZE{biF{E/K .
i
fE¥ 1 fEFH 2 A3 MyE AR A PEFR2 PRER3 MfH K-MPa ™'
HG -1 0.96 0.98 0.98 0.97 0.95 0. 68 0.37 0. 36 0. 47 0.016
HG -2 0.97 0.98 0.96 0.97 0.96 0.54 0.57 0.62 0.58 0.020
HG -3 0.96 0.99 0.98 0.98 0.92 0. 81 0.58 0.62 0. 67 0.023
HiE 0.97 0.98 0.97 0.97 0.94 0. 68 0.51 0.53 0.58 0. 020

ARSI LT B, P A S AR B AR
IR AR YL EN 5 ST RS 7 A S Rl
T BEIHEIE T2, X RWITEN ) BT BOA A
J HE IO T ) Wi BEAR A e A= i 234, 7
SN INEAIEER Z 5 BT TSR BB B, A
SR IR LR B3 B B, P R S
/NBIBE SN, ELREE TRIRAYIESE | e B B it A A
FFARNE BE G W FEAR. LA RPN 2 fe o
FEB A TR B2 LB, e A iR Ak T i
AL B, PR ST R R AR AT Kaiser AL

35 1000
B A
300 1800 _
25 o
p 1600 €
§ 20 s
R 15 U 1400 ﬁ%
‘]2‘
g
10 1200 3
1
> 10
A . . .
0 100 200 300 400 500
SLEE /s

B5 {#HG -1 FEFHENLER
Fig. 5 Acoustic emission from sample HG-1

3.2 EEHXLWHERITLE

K 5 2 AMIG I 028 52 3 AR [ 1 5 3 7R 2
WA KI5 HG -4 ,HG -5, HG - 6 #471F
IR NNZRAT TR A £ A DRI 52 56, I3 P B 5 == 4b
TS g 5 4 AH ). S MK 25 2R DL HG -4
i), &l 6a MEA BT 8 C P Bk ik 45
AL, B /N Fe i Ah B {H DMBT 5 6 ) 9F %
B[RRI G, T e i 55 0 7 A DG FR 80X
g -0.07. {54514 HG -5, HG -6 [) DMBT
51 S R B 0 -0.05,0. 09, A% T = 4
RASVRE RN 0. 94, 3R B 5256 BR 5% X5 A 5wkl
A EESW. BN AR R R SIS RS
AP R L 25 R AR L. [ 6b il HG - 4
TR B B L J 0% P8 0 X S %o 3 v iR
A2, FAE AT R WA B 205 i IR 2 S
I g AR — 35 {H W AT e 7 T A8 A B 32 He i
W T S B R R R A A I R
5507 77 B IE 2R A OC, P A O R K 0. 64
ML R 22 T2 34 s Z )5, I E HC R BN
0.89. 114 HG -5, HG — 6 2% [fi Jia. & Ik 25 1 5
HG -4 FAHMIE. E 6¢ Mk HG -4 75 & 5 W
NUERE 7Y I E=RuN s b A B g Nl X D
AL 5 Z AL A SRR



1186 AKX FFR(ARFFIR)

%41 %

AL 3 A A1 S 0 4 HENS L A3 A, Bl 1A 2
TR AT A I8 AR RS 1 5T BEAT A A
A0 T ) Bl S UL s, O R0 281 ) ol e e
R RTENE IR AWIME, B R 2% H 55
RN A 52 S AT | R AR R A ) S 35
SR 5 0N 2 5 A B IR S B Bl 8
VIR

285.5
{285.0
12845
=
[=4]
{284.0 =
N {283.5
— EPAd A
- KR
0 ' ' ' s 1 283.0
8
17
16
|5 ¢
[=]
14 ;
13 1
1, ﬁ
1, =
=
. 0 'Pf%
NI L0 2 1 ‘;
35 800
()
30
1600 =~
25 5
o E
S 20 400 #
< &
R 15 B
B 1200 &
10 + N
18
3 10
—Elliﬁﬂ‘$4fl‘ . . .
0 100 200 300 400 500

LR AT R]/s

E6 ZEWNEFHMBFLEXE HG -4 HRNER
Fig. 6 Observed results of sample HG-4 in
process of cyclic loading indoors

4 SEEWLIZE R o A

AU 5 A SRR AR IE B Bl P 0
FErP S BT — T B PR AL AL, A5 1 )
BT B, mr BRI R g R i L

T, FLAAr Ak B 07 g B8 M v 246 e, 00l R
AR 5 T 1E ARSI A 2R A8 K A 3R] 4
A A MBT 2 T $ 720 1 T FEBY
B, PR AN 7 | R Y B N D 9/ T T B, L
A1 A B R N e N I R A R Bl ke G R A
JIN S B R EASARN RN B SR N R RIVE T T
FA A MBT 2 T . L, e A il A o
PEASTE B BE G R gt A b, 5 i MBT
55N I IEA G B ) R AR AR AL, AR L5
A AN T SN B LR A A S e 25 A hT UL
MBT F13 il B 34 5 0 )7 IEAH G, {2 MBT 5
JI [R5 P T A, B MBT A 457 o7 g FH [ i 8
KT P PRI B B 15 7 ) T i . LD R
R+ T ARG 5 R 1) A PN IR T A 3 B
{2 T BT[] 00 3 4 2 T R AR AR AH X
N AR I, T A0 1) 28 35 M 45 MBT 5 )
J1 2B B R T RO B S,
MBT HE BRI S A A BRI 5 | A 9 4 3 Ui
JEAR AL, H MBT 2B 10id 52 5 A1 k5 R0 (N
FLBR A FEURN A% R B AR Ak T 350) i 52 ), 3 3
MBT H{57 1 7 T B i J32 R 3% Ty 3800 2 1)
ek g

5 4 e

1) TEAER A AR IE B B, HE MBT 4246 5
N7 77 1] 52 B0 e B TEAH DG OC &R AR ) BT BT
BrB, 2: e )5 09 MBT 5 0 1 09 4 56 & 5 ik
0. 99 ; ZEAEFHAR]  HHOC RN 0. 94.

2) MBT WA ) FHBR A 0. 018 K/MPa,
TR T2 i B2 TR (0. 000 8 C/MPa).

3) SERmEE A LA, MBT 284k 5 1 )
AL BT TG R 2D

SE Lk

(1] XCHIGE BEIEDS  HR A A5 J0 IR R B B T b 7 T4
MSCRRBIETE (V] L0505 R P, 1995, 14 (6) <401 -
406.
(Deng Ming-de, Fan Zheng-fang, Cui Cheng-yu, et al. The
experimental study for earthquake prediction by passive
microwave remote sensing [ J]. Journal of Infrared and
Millimeter Waves ,1995,14(6) :401 —406. )

[2] Maki K, Takano T, Souma E. An experimental study of
microwave emissions from compression failure of rocks[ J].
Journal of the Seismological Society of Japan ,Second Series ,

2006,58(4) :375 —384.



% 8 WERF, REARFT XA E LRI IE LA R 1187
(3] REED, XEE RN A AT LT A0 5 R 4 o A using satellite-borne microwave radiometers [ J |. Remote
FCAFAEXS LEAFSE[ ], RIE R % ( AR EBH2EIR) L2015, Sensing Technology and Application,2010,25 (6) :860 —
36(12) ;1738 —1742. 866. )
(Xu Zhong-yin,Liu Shan-jun, Wu Li-xin. Comparative study [7] MaYT,Liu S J. Two-step method to extract seismic
on the variation features of infrared and microwave radiation microwave radiation anomaly: case study of Mg 8.0
in deformation and fracture process of rock [ J]. Journal of Wenchuan earthquake [ J |. Eeathquake Science, 2011, 24 .
Northeastern University ( Natural Science) ,2015,36(12) . 577 -582.
1738 - 1742.) [ 8] Takano T,Maeda T. Detection of microwave emission due to
[4] Takano T,Maeda T T. Experiment and operational evidence rock fracture as a new tool for geophysics[ J]. Japan Journal
of earthquake detection capability by means of microwave of Applied Geophysics,2013,94 .1 - 14.
passive sensors on satellite[ J]. IEEE Geoscience and Remote [9] Wang JR,O’ Neill P E, Jackson T J, et al. Multifrequency
Sensing Letters ,2009,6(1) :107 —111. measurements of the effects of soil moisture, soil texture, and
[5] Maeda T, Takano T. Detection of microwave signals surface roughness| J|. IEEE Transactions on Geoscience and
associated with rock failures in an earthquake from satellite- Remote Sensing ,1983,21(1) .44 -51.
borne microwave radiometer data [ C ]//IEEE International [10] Ulaby F T, Bengal T H, Dobson M C, et al. Microwave
Geoscience and Remote Sensing Symposium. Cape Town, dielectric properties of dry rocks[ J]. IEEE Transactions on
2009.61 - 64. Geoscience and Remote Sensing ,1990,28 (3) ;325 -336.
(6] RS, SRk ARG 46 ST 0k 50 il £ 0 54 A [11] BRasME IR T % KTaO, %A i 3 B s ma [ 17,

SRR [ ] IS AR S M ,2010,25(6) 1860 -
866.
( Chen Hao, Jin Ya-qiu. A preliminary detection of anomalous

radiation of rock failures related with Yushu earthquake by

FEREL 242 ,1988,16(1) :13 - 18.
(Chen Zhi-xiong. Effect of pressure on dielectric constant of
KTaO; ceramics at low temperature [ J ]. Journal of the

Chinese Ceramic Society,1988,16(1) ;13 -18.)



